Extrusion cooking has been extensively used to produce variety of foods like ready to eat breakfast cereals, baby foods, snack foods, etc. Taking rice flour as the base ingredient, two locally available tuberous root vegetables, greater yam (Dioscorea alata) and sweet potato (Ipomoea batatas) were used in this study for the development of ready-to-eat breakfast products in a single screw extruder. During extrusion cooking, the screw speeds ranged from 132 to 468 rpm and the barrel temperatures ranged from 103˚C to 137˚C. The extrudates were then analyzed for various physical and physicochemical properties. Optimization was done following Response Surface Methodology (RSM) using Central Composite Design. Using screw speed, barrel temperature and feed composition as the three independent variables, the three responses taken were bulk density, expansion index and breaking strength. The optimized conditions were used for developing 3 new products one of which also contained tomato pulp powder. The products were analyzed for their physical, proximate, sensory and antioxidant properties. There was significant colour change in all the three samples as indicated by total colour change ( ∆ E). Texture analysis of the extrudate samples showed hardness values ranging from 28.68 N to 47.57 N. Amylose content was found to be 15.3% in rice-sweet potato extrudate, 14.7% in rice-yam extrudate and 18.2% in rice-sweet potato-tomato extrudate. The antioxidant profile of the extrudates studied through DPPH (2,2-diphenyl-picryhydrazyl) scavenging activity and FRAP (ferric reducing antioxidant property) showed that the antioxidant capacity in all the 3 extrudates was very low. Rice flour incorporated with sweet potato was judged the best on sensory evaluation. The study has shown that both sweet potato and greater yam tubers can be commercially exploited for the development of ready-to-eat (RTE) products.
INTRODUCTION
Consumers want snacks that taste good, smell good, feel good, look good and in addition, are nutritionally superior and healthy. Extrusion cooking is one of the most important food processing technologies which have been used since the mid 1930s for the production of breakfast cereals, ready to eat snacks, and other textured foods. In the past decade, extrusion cooking has been studied extensively to produce variety of specialty foods including pasta products and ready to eat breakfast cereals, baby foods, snack foods, texturised vegetable protein, pet foods, dried soups and dry beverage mixes, as it not only improves digestibility (Singh, Dartois, & Kaur, 2010 ) but also improves the nutrients bioavailability (Gu, Hous Rooney, & Prior, 2008) compared to conventional cooking. The quality of the product depends on the process conditions, such as the extruder type, the feed moisture, the temperature profile in the barrel sections, the screw speed and the feed rate (Thymi, Krokida, Pappa & Maroulis, 2005) .
Owing to the popularity and high nutritive value of vegetables, their utilization has increased either in raw form or processed form. Greater yam (Dioscorea alata) and sweet potato (Ipomoea batatas) are two species of large underground tuberous root vegetables seasonally available and are gaining importance as processed food
Sample Preparation for Extrusion
The water yam and sweet potato tubers were washed, peeled and cut into thin slices using Slicer (Alpha Instruments, Delhi) while yam tubers were dipped in 0.5% sodium metabisulphite solution to reduce browning. All samples were dried in a tray drier at 55˚C. The dried chips were subsequently milled into flour in a pulverizer (Alpha Instruments, Delhi) to pass through a 1.00 mm mesh screen. The flour samples were put in sealed pouches and kept in covered plastic containers until used for extrusion processes and analyses. Blends were prepared from sweet potato flour and rice flour in definite ratios for carrying out 18 different runs in the extruder. The moisture contents of the blended samples for extruder feed were adjusted at around 12% by adding calculated amounts of water into each blend and then mixing them properly. The blended mix in different ratios were kept overnight in a tightly covered vessel for moisture equilibration. The extrusion processes were performed on a single screw extruder. Raw materials were fed into the extruder barrel and at the end of extrusion cooking was discharged from the end of the barrel as the extrudates.
Sample Preparation for Analysis of Extrudates
The samples were ground in a mixer grinder into powder and kept in sealing pouches for their analysis.
Pasting Properties
Pasting properties of extrudate powders were determined using a Rapid Visco Analyser (RVA) model 2-D (Newport Scientific Instrument) with Thermocline software (3.0 version) by ICC Standard Method No. 162 (1995). Briefly, sample suspension was prepared by placing 3.5 g extrudate powder, in an aluminum canister containing 25 mL distilled water. A programmed heating and cooling cycle was used. Each sample was stirred at 960 rpm for 10 s while heating at 50˚C, and then constant shear rate (160 rpm) was maintained for the rest of the process. Temperature was held at 50˚C for 1 min. Then the samples were heated from 50˚C to 95˚C within 3 min 42 s and held at 95˚C for 2 min 30 s. Subsequently samples were cooled down from 95˚C to 50˚C within 3 min 48 s and then held at 50˚C for 2 min. The RVA plot of viscosity (cP) versus time (s) was used to determine peak viscosity (PV) and final viscosity (FV).
Expansion Index (EI)
Expansion of extrudates was measured using a vernier caliper (Mitutoyo, Japan) according to the method of Ding et al. (2005) . Measurements were taken on ten randomly selected pieces of extrudates. The die diameter of the extruder used in the study is 2 mm.
Bulk Density (BD)
Bulk density (BD) of extrudates was determined following the method of Bhatnagar et al. (1995) .
Color
The colour values of the rice extrudates incorporated with sweet potato powder in terms of L, a, b values was measured using colour measurement spectrophotometer (Hunter Lab, Ultra-scan VIS).
Texture Profile Analysis (TPA)
Texture evaluation of the extrudates was performed with texture analyzer (TA-HD-plus, Stable Micro Systems, UK) with a 5 kg load cell. Hardness (HRD), puncture force (PF) and breaking strength (BS) of extrudates were determined as the maximum force offered by extrudates during compression and three point cutter test, respectively.
Breaking Strength (N/mm 2 ) = Peak breaking force/Cross sectional area
Sensory Properties
The extruded products were sensorily evaluated by ten panelists. The samples were provided along with milk (for soaking) and sugar (for taste). Based on a 9-point Hedonic scale (0 -9), the panel members were asked to give their scores on 6 different attributes, namely, appearance, colour, taste, texture, mouthfeel and overall acceptability.
Determination of Proximate Content
The moisture, crude fat, crude protein, crude fiber and ash were determined as per AOAC (1999). The total carbohydrate in the samples was calculated by the method of difference on wet basis.
Determination of DPPH Activity
The radical scavenging activity of the extrudates was measured by determining the inhibition rate of DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical (Brand-Williams, 1995).
Determination of Ferric Reducing Antioxidant Property (FRAP)
FRAP activity of the samples were measured by the method of Benzie and Strain (1999), after preparing extracts in the same way as for DPPH analysis.
Statistical Analysis
All the readings are average of minimum two readings. Analyses of all parameters are reported with standard deviation error bar.
RESULTS AND DISCUSSION

Experimental Design and Statistical Analysis
Response Surface Methodology (RSM), which explores the relationship between several explanatory variables and one or more response variables, was applied to the experimental data using the package, Design expert version 7. Table 1 . A quadratic polynomial equation was fitted to the data to obtain a regression equation. The statistical significance of the terms in the regression equation was examined by analysis of variance (ANOVA) for each response. The extrusion processing parameters were optimized by using a conventional graphical method of RSM in order to obtain extrudates with acceptable properties. All the processing variables were kept within range while the responses were either maximized (for expansion index) or kept less than a specific value (bulk density, breaking strength). The ANOVA results are shown in Table 2 . The Optimized parameters thus obtained from the above model are shown in Table 3 .
Finally, the optimized solution that was obtained with the values of predicted responses are shown in Table 4 . 
Properties of the Extrudates of Rice and Sweet Potato Powder
Various parameters of the 20 extrudates of rice and sweet potato were studied. Their colour profile is given in Table 5 and physical properties are given in Table 6 . The 3-D graphical representations of the 3 responses (expansion index, bulk density and breaking strength) against different screw speeds (SS), barrel temperatures (BT) and feed composition (FCM) are given in Figure1. The water absorption index (WAI) and water solubility index (WSI) of the 20 samples are given in Table 7 .
Selection of Best-5 Extrudates Based on Their Appearances
Based on the appearence of the 20 samples, a score ranging from 1 to 9 was given to each sample as given in Table 7 . The 5 samples that got the highest scores of 9 were selected for sensory evaluation and RVA studies. For convenience of terms, the product codes of the 5 samples with the highest score of 9 are changed as given in Table 8 .
Pasting Profile of the Extrudates
The RVA study of the extrudates showing their peak, hold and final viscosities along with their breakdown and setback values are given in Table 8 . The Table shows Table 6 . Physical properties of the 20 extrudate samples made from rice flour and sweet potato. that sample RS-4 has the highest peak viscosity of 3437 cP. It reaches its final viscosity of 528 cP, which is also the highest among all the other samples. The sample RS-3 has the lowest peak viscosity of 1534 cP and also the lowest final viscosity of 247 cP. It was observed that sample RS-4 that was extruded at a barrel temperature of 137˚C had the highest peak viscosity of 3437 cP while the other extrudates that were processed at barrel temperature less than 137˚C had lower peak viscosities. This may be attributed to the higher degree of gelatinised starch in the extudate that allowed it to absorb large quantities of water. According to Liu et al. (2006) , starch content in the flour, other components in the starch-water system and processing of flours are very critical to pasting properties. The interaction of other components and the degree of starch damage during extrusion could affect the peak viscosity of extruded flours. Screw speed and feed composition did not have any effect as the other samples showed similar RVA profiles.
Sensory Profile
The extrudates were subjected to sensory analysis for the attributes of appearance, color, taste, mouthfeel, texture and overall acceptability by a panel of 10 semi trained panellists. The graphical representation of the same is given in Figure 2 . The graph of sensory evaluation revealed that RS-3 had the highest ranking scores in all the 6 attributes-appearance, colour, taste, texture, mouthfeel and overall acceptability. The sample with the lowest score in all the attributes was RS-5. It is clearly seen that mouthfeel was the attribute with the most significant difference followed by texture and overall acceptability. There was least difference among the samples for appearance. The attributes of colour and taste also showed evident differences, but with their ranges much smaller than that of mouthfeel.
Development of Rice Extrudates under Optimized Conditions
tomato-chilli extrudate. The feed compostion of the blends used for processing into extrudates is given in Table 9 .
The photographs of the extrudates are given in Figures  3(a)-(c) .
Properties of Rice Extrudates Prepared under Optimized Conditions
Physical Properties
The changes in L, a and b values and the total color change in RS, RY and RST are shown in Table 10 . The color profile showed that there was a significant decrease The texture profile of RS, RY, and RST are shown in Table 10 . Product hardness is the average force required for a probe to penetrate the sample. The results of texture analysis showed that RST has the highest hardness with a value of 47.57 N, while RS had the lowest with 28.68 N. Springiness was also found to be the highest in RST, but RY and RS had equal springiness value of 0.51 mm. The higher degree of tomato incorporated extrudate may be because of the effect of tomato pulp. It has got a good amount of fibre in it that could have added to the increased hardness of RST.
Physico-chemical properties Pasting Properties
The pasting properties of the 3 extrudates-RS, RY and RST are shown in Table 11 . All the samples had an equal pasting temperature between 50.1˚C and 50.2˚C. From Table 9 . Feed composition for extrusion under optimized conditions. the viscosity profile, it can be seen that extrudate having sweet potato had the highest peak viscosity, hold viscosity and final viscosity. Setback and breakdown were also therefore the highest in rice-sweet potato extrudates. RST sample that had tomato pulp powder had diluted the starch and therefore its viscosity was lower than RS. The higher viscosity of rice-sweet potato extrudate than rice-yam extrudate indicates the susceptibility of the sweet potato starch to extensive gelatinisation and the higher water absorption of the gelatinised starch. According to ElDash et al. (1984) , the intensity and extent of the breakdown of a starch granule will depend on the type of starch, mechanical shear, and temperature present during the gelatinization of the starch. The water absorption index (WAI) and water solubility index (WSI) of RS, RY and RST are shown in Table 11 . Water absorption index (WAI) was found to be the highest in RY (8.59). However RST and RS had an equal WAI value of 8.16. However, Water solubility index was highest in RST (4.25%) and lowest in RS (3.22%). The WAI measures the amount of water absorbed by starch and is related to the degree of starch gelatinization. Thus, higher value of WAI can be attributed to higher degree of gelatinized starch in extrudates. According to Anderson et al. (1969) , WSI is related to the amount of low molecular weight products of starch degradation, which are easily soluble because of reduced entanglement. Likimani et al. (1991) accounted the higher value of WSI a result of starch damage during extrusion due to high temperature.
Amylose content
The amylose content in RS, RY, RST, yam powder, sweet potato powder and rice powder are shown in Table  12 . Amylose content was found to be highest in the rice flour (24.8%). The raw yam powder had slightly higher amylose content than the sweet potato powder. On blending, the amylose composition of rice-sweet potato and rice-yam extrudate were reduced. The amylose content in the sample containing yam powder (RY) reduced slightly more (14.7%) than that of the sample containing sweet potato powder, RS (15.2%). Among the extrudates, sample RST had the highest amylose content (18.2%). Aprianita et al. (2009) reported that the amylose content of yam flour to be 14.60%, while that of sweet potato flour to be around 18.12%. Chinnaswamy et al. (1988) found that the expansion ratio of extruded corn starches increased from 8 to 16.4 as amylose content increased from 0% to 50%. The bulk density of the extrudates decreased with increased amylose content. In contrast, shear strength of starch extrudates increased with increasing amylose content. Similar results were reported by Guha et al. (2006) on the effect of amylose content on product. The lowamylose extrudates gave the higher expansion ratio, followed by intermediate-amylose and high-amylose content extrudates. Extrudate products with a higher expansion ratio are preferred.
Proximate profile
The proximate composition of RS, RY and RST are shown in Table 13 . The proximate profile of the extrudate samples showed mixed results. The moisture content of all samples was almost uniform around 9%. However, differences were observed in ash, protein and crude fiber contents. Ash, fat, protein and crude fiber percentages were 2.4%, 0.29%, 6.3% and 1.35%, respectively in sample RST. RY had the lowest ash, fat and crude fibre content among all; 0.83%, 0.19% and 0.5%, respectively. Protein content was found to be equal in both RY and RS being 5.6%. By difference method, total carbohydrate content was found to be highest in RY with 83.04% and lowest in that of RST with 79.98%. Iwe et al. (2001) found that in extruded soy flour and sweet potato blends, fat content was 0.5%, ash 3% and carbohydrate around 79%. Aprianita et al. (2009) found that the total carbohydrate content of yam flour was higher than that of sweet potato flour.
Sensory profile
The extrudates were subjected to sensory analysis for the attributes of appearance, color, taste, mouthfeel, texture and overall acceptability by a panel of 10 semi trained panelists. The sensory profile of RS, RY and RST are graphically given in Figure 4 . Among the 3 samples, the graph suggests that the sample with the best sensory score in all the attributes is RS, while the sample with the least favourable attribute is RY, for its colour.
The attribute having the most prominent difference among the samples is colour, followed by appearance. However, as it is evident, there are no significant differences in the scores of the 3 samples in the other 4 attributes namely-taste, mouthfeel, texture and overall acceptability. RS had the best taste among all. RST was the one getting the least score in taste, but had the highest score in appearance.
Antioxidant Profile
The results of antioxidant properties of RS, RY and RST are given in Table 14 . By carrying out the radical scavenging activity test, DPPH and the FRAP test for the presence of antioxidants, the antioxidant content in the extrudates were found to be very low. Both the tests showed a similar result for all the 3 extrudates where it was observed that the radical scavenging activity was highest in RST than the other two being 3.6%. RY had a higher radical scavenging activity at 3.22% than RS at 1.36%. Similarly the Ferric reducing antioxidant power was found to be higher in RST being 218 μM of Fe/100 g than the other two. RY and RS had a closer FRAP values being 148 and 118 μM of Fe/100 g. The higher antioxidant activity in RST is due to the presence of tomato pulp powder in its composition that naturally has a good amount of antioxidants in it. The low antioxidant content in the extrudates is due to the fact that the molecules acting as antioxidants that were present in the raw samples are generally destroyed during the high temperature used in extrusion cooking. According to Shih et al. (2009) , temperatures greater than 60˚C is regarded as unfavourable, due to the possibility of inducing oxidative condensation or decomposition of thermolabile compounds, such as catechin. A similar decrease in reducing power has been 
CONCLUSION
The studies have shown that both sweet potato (Ipomoea batatas) and greater yam tubers (Dioscorea alata) can be utilized for development of ready to eat (RTE) products. Both the extruded products of rice incorporated with sweet potato powder and yam powder have shown to possess good functional properties and desirable nutritive value. RTE breakfast cereal products available in the market are generally expensive, so if such products are developed that are incorporated with locally available vegetables, not only those products can be made affordable enough, but it will also help the local farmers and traders in improving their economy and vegetation. Levels of fat, carbohydrate, protein and kilocalories of energy that these products were carrying, were found to be comparable with that of a popular RTE breakfast product available in the market. So it can be concluded from this study that nutritionally enhanced breakfast cereals can be made from rice-sweet potato extrudates and rice-yam extrudates with addition of minerals and vitamins. 
